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(57)Abstract: 

PROBLEM TO BE SOLVED: To detect a minute flaw by 
means of a high-resolution image by irradiating a sample 
with polarized light, detecting its reflected light for 
computing a positional deviation of a focal point in the 
optical axis, and detecting reflected light from the sample 
surface adjusted in height. 

SOLUTION: A light beam polarized through a polarizing 
plate 14 is applied to a sample 1 via an objective lens 
20, and then, reflected, and diffracted so as to be 
incident on the objective lens 20 again, and then, the 
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light beam is reflected by a half mirror 15 so as to be incident on a polarizing plate 22 for 
forming an image of the sample 1 in an image sensor 70 via an image forming lens 30 and a 
zoom lens 50. A focal point detection light beam forms an optical image having height 
information of the sample 1 on a sensor 41 through an image forming lens 40, and its output 
signal is inputted to a focal point detection signal processing circuit 90. The processing circuit 
90 detects a height of the sample 1 and a deviation of a focal point position of the lens 20 so 
as to feed them to a CPU 75 for giving a driving command for a Z stage 4. Image data of the 
sample 1 detected by the image sensor 70 are stored and processed in an image processing 
circuit 71, and a flaw determination circuit 72 determines a defective part. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the defective test equipment using the high resolution 
optical system and this which are used for inspection and observation of a detailed pattern defect, a 
foreign matter, etc. in a semi-conductor production process, the production process of a flat-panel 
display, etc. 
[0002] 

[Description of the Prior Art] The approach and equipment which use an optical microscope for JP,7- 
128595,A and convert the precise Rhine width-of-face structure into a video signal as a Prior art are 
indicated. He is trying for the direction of the polarization axis on which it is projected on the sample of 
the polarization light which polarized in the shape of a straight line, using a polarizing plate as a 
description of this technique to become the include angle of about 45 degrees to the pattern of the shape 
of a straight line on a sample. The optical (delay) axis of the quarter- wave length plate arranged between 
a polarizing plate and a sample is turned in the optimal include-angle (25 degrees as typical example) 
direction to the configuration of the shape of a main straight line of a sample, changes the linearly 
polarized light into elliptically polarized light with this quarter-wave length plate, and illuminates a 
sample. The illumination light of this elliptically polarized light will receive phase contrast, if reflected 
by the sample. Such light polarizes to the sense which penetrates a quarter-wave length plate again and 
penetrates the polarizing plate prepared on the detection optical path. Optical system is constituted so 
that the light which penetrated the polarizing plate on a detection optical path may carry out image 
formation of the image of a sample on light-receiving Men of an optoelectric transducer. And after 
predicting the amount of phase contrast by the sample beforehand, setting the illumination light as 
elliptically polarized light and reflecting by the sample, setting up an optic so that it may become the 
circular polarization of light is indicated. 
[0003] 

[Problem(s) to be Solved by the Invention] Although it has composition which arranges a polariscope on 
an illumination-light way, is made to penetrate the light of the linearly polarized light, changes this 
linearly polarized light into elliptically polarized light with a quarter-wave length plate, and illuminates 
a sample by the approach of converting the precise Rhine width-of-face structure into a video signal 
using an optical microscope which was indicated by the above-mentioned Prior art In this optical 
system, the amount of phase contrast produced by reflecting by the sample was predicted beforehand, 
and the illumination light is set as elliptically polarized light so that the quantity of light which 
penetrates the analyzer of a detection system may serve as max. For this reason, the rate of the amplitude 
of the zero-order light which contributes to formation of an optical image, and the high order diffracted 
light is equivalent to the case of random polarization lighting (compared with the high order diffracted 
light, the amplitude of zero-order light is larger). For this reason, since the amplitude of the high order 
diffracted light is small compared with zero-order light, as for the optical image of the sample formed of 
interference of zero-order light and the high order diffracted light, a low-frequency component becomes 
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large relatively, and the resolution of an optical image seldom improves. 

[0004] Moreover, when detecting an image using image sensors etc., it is necessary to adjust the amount 
of illumination light but so that the light income of a sensor may not be saturated, and since an angle of 
diffraction becomes large, the light-and-darkness difference of a pattern may be detected small and 
darkly, and, as for a periodic detailed pattern, observation of a pattern image becomes difficult, for 
example. By the image by which the light-and-darkness difference of a pattern is detected small and 
darkly, there is a problem to which detection sensitivity becomes low in the defective test equipment 
which used the image processing. 

[0005] The purpose of this invention is to offer the defective inspection approach equipped with the 
optical system which controls polarization of polarization of the illumination light, the zero-order light 
which forms an optical image, and the high order diffracted light, detects the pattern for observation or 
inspection to high resolution, and enabled it to detect a minute defect, and its equipment. 
[0006] 

[Means for Solving the Problem] The illumination-light study system which carries out polarization 
lighting of the sample in this invention in order to attain the above-mentioned purpose, The polarization 
optic which penetrates the high order diffracted light which received polarization rotation efficient to 
zero-order light by the sample concerned, Constituted high resolution optical system from light which 
penetrated or reflected the polarization optic using the detection optical system which carries out image 
formation of the image of a sample on an optoelectric transducer. (For example, polarization of the 
oscillating direction which intersects perpendicularly to a straight-line-like pattern is illuminated, and 
the polariscope which sets a transparency shaft as about 45-degree oscillating direction to a pattern is 
arranged) . 

[0007] The polarization lighting of this illumination-light study system can also perform a polarization 
beam splitter using the light penetrated or reflected. . In this case, lambda/2 plate and lambda/4 plate are 
arranged between a polarization beam splitter and a sample, according to the direction of a pattern etc., 
the polarization direction can be adjusted by rotating lambda/2 plate, and the ovality of polarization can 
be adjusted by rotating lambda/4 plate. 

[0008] Moreover, there is much combination with the oscillating direction of the oscillating direction of 
the illumination light, the zero-order light which forms an optical image, and the high order diffracted 
light. It is important after that these setting approaches put in practical use. It enabled it to search for the 
optimal polarization condition correctly by this invention for a short time by looking through the image 
which changed and detected the polarization condition, or having the function which can choose the 
polarization condition that conduct preliminary defective inspection and defective detection sensitivity 
becomes high. 
[0009] 

[Embodiment of the Invention] The operation gestalt of the high resolution optical system of this 
invention is typically explained using drawin g 1 (a). 

[0010] It is condensed through a lens 9 and optical 180' which emitted light in the light source 8 
penetrates a polarizing plate 14. The light which penetrated the polarizing plate 14 turns into the linearly 
polarized light, and the light which penetrated the half mirror 15 turns into illumination light 180. The 
light which penetrated the half mirror 15 carries out epi-illumination of the sample 1 through an 
objective lens 20. Among optical 189' which carried out reflection diffraction by the sample 1, the light 
189 in NA (Numerical Aperture) of an objective lens 20 is again caught by the objective lens 20, reflects 
a half mirror 15, and is led to a detection optical path. This detection light 189 penetrates the light of the 
oscillating direction (the oscillating direction of polarization is called hereafter) of the electric field 
vector of the plane of polarization corresponding to the transparency shaft of a polarizing plate 22, and 
carries out image formation of the image of a sample 1 on image sensors 70 through the image 
formation lens 30. 

[001 1] Here, the polarizing plate 14 has the role which determines the oscillating direction of 
polarization to direction la of the main pattern formed in the sample 1, and it positions it so that it may 
become the polarization which has the oscillating direction which intersects perpendicularly as opposed 
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to direction la of a pattern to detect. In addition, this oscillating direction is the oscillating direction in 
the exit pupil 19 of an objective lens 20. 

[0012] Moreover, a polarizing plate 22 penetrates the light of the specific oscillating direction among the 
detection light 189, and sets it as 45 degrees as opposed to direction of pattern la. Polarization of the 
illumination light on an exit pupil 19, the zero-order light which reflected the sample 1, and the high 
order diffracted light is explained using drawing 1 (b). Moreover, it is drawing 1 about polarization of 
polarization of the illumination light on a sample 1, the zero-order light which reflected the sample 1, 
and the high order diffracted light. It explains using (c). 

[0013] In drawin g 1 (b), the polarization of one point of the illumination light 180 in an exit pupil is set 
to 300. Since the oscillating direction of the polarization kicked in a pupil location and the direction 301 
of polarization 300 which illuminates a sample 1 correspond (or rectangular cross), polarization 310' of 
specular reflection light (zero-order light) and the polarization 31 1 of the high order diffracted light of it 
are the same as that of the oscillating direction of the illumination light (although the linearly polarized 
light became elliptically polarized light since in fact received phase contrast when reflecting and 
diffracting a sample 1, it omitted here). 

[0014] However, although oscillating direction 310' of zero-order light is the same as oscillating 
direction 300' of the illumination light when the lighting direction 302 of oscillating direction 300' of the 
illumination light and a sample 1 is not in agreement or does not lie at right angles, the oscillating 
direction 320 of the high order diffracted light differs from oscillating direction 300' of the illumination 
light in response to polarization rotation (the still more nearly actual oscillating direction has distribution 
and the oscillating direction points out the largest oscillating direction of the amplitude). 
[0015] For this reason, since the oscillating direction of zero-order light differs from the oscillating 
direction of the high order diffracted light, it becomes possible [ enlarging the rate of the amplitude of 
the high order diffracted light in the image surface ] by making the transparency shaft of a polarizing 
plate 22 in agreement with the oscillating direction of the high order diffracted light, as shown in 
drawing 1 (d). This becomes possible [ making almost equivalent the amplitude of zero-order light and 
the high order diffracted light ], and high resolution-ization of the optical image formed by interference 
of zero-order light and the high order diffracted light is attained. 

[0016] The optical image detection result of Rhine by the polarization lighting and detection of the 
conventional epi-illumination and this invention and a tooth space is shown in drawing 2 . The 
transparency shafts of the polarizing plates 14 and 22 when acquiring the image of this invention are the 
conditions shown in drawing 1 . Zero-order light is conventionally distributed over the whole, it is 1 and 
its amplitude is [ both the lighting sigma of lighting and this invention of the primary / **/ diffracted 
light is dark to zero-order light, and ] conventionally small [ as for the diffraction figure of lighting ]. On 
the other hand, the diffraction figure of this invention has the large amplitude of the primary [ **] 
diffracted light compared with zero-order light, and is detected brightly. In addition, zero-order light is 
also contained in the primary [ **] diffraction figure, and - primary diffraction figure is the sum of 
distribution of zero-order light and - primary diffracted light corresponding to the +primary diffracted 
light correctly. This is the same also about a ^primary diffraction figure. 

[0017] Moreover, since the corresponding high order diffracted light becomes the outside of NA of an 
objective lens 20, the reduction section of zero-order light is not detected by the diffraction figure in the 
exit pupil 19 of an objective lens 20 (the angle of diffraction of this primary [ **] diffracted light can be 
found with wavelength and pattern width of face). . Therefore, since the light of the zero-order light 
reduction section is a low- frequency component which does not contribute to formation of the image of 
a sample 1, it can explain high resolution-ization by reduction. For this reason, conventionally, with 
lighting, although separation of Rhine and a tooth space is difficult, by this invention, contrast improves 
to 0.178 and separation of Rhine and a tooth space has become [ the contrast of Rhine and a tooth 
space ] low (C= 0.028) clearly. 

[001 8] When the detection optical system as a result of [ this ] which it is 0.2 micrometers was used, 
according to this invention, with the conventional lighting, resolution was able to be made high to about 
0.1 micrometers of one half of pixel size to only about at most 0.15 micrometers of resolution not 
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having been obtained. Thereby, according to this invention, it became clear that high resolution-ization 
is attained. 

[0019] The example of the optical test equipment which used the optical system of this invention for 
drawing 3 is shown. Vacuum adsorption of the sample 1 is carried out at the chuck 2, and this chuck 2 is 
carried on the theta stage 3, Z stage 4, the Y stage 5, and the X stage 6. The optical system 1 1 1 arranged 
above the sample 1 detects the optical image of a sample 1 , in order to conduct visual inspection of the 
pattern currently formed in the sample 1, and it mainly consists of an illumination-light study system, 
detection optical system which picturizes the image of a sample 1, and focal detection optical system 45. 
The light source 8 arranged at the illumination-light study system is the incoherent light source, for 
example, is a xenon lamp. 

[0020] The light which the light which emitted light by the light source 8 penetrated opening of an 
aperture diaphragm 1 1 through the lens 9, and penetrated the wavelength selection filter 12 through the 
lens reaches a field diaphragm 13. In consideration of the spectral reflectance of a sample 1, this 
wavelength selection filter 12 limits a lighting wavelength region, in order to detect the image of the 
sample 1 of high resolution, and it arranges an interference filter. The light which penetrated the field 
diaphragm 13 penetrates a polarizing plate 14, and turns into the linearly polarized light. This light that 
polarized penetrates a half mirror 15, it carries out incidence to an objective lens 20, and it illuminates a 
sample 1. 

[0021] On a sample 1, it reflects, and the light which illuminated the sample 1 is scattered about, and is 
diffracted, incidence of the light within NA of an objective lens 20 is again carried out to an objective 
lens 20, it is reflected by the half mirror 15 and it carries out incidence to a polarizing plate 22. The 
polarizing plate 22 is positioning the direction of theta so that it may become high permeability 
comparatively to zero-order light about the high order diffracted light, and it forms the image of a 
sample 1 in the light-receiving side of the image sensors 70 which picturize the image of a sample 1 
through the image formation lens 30 and a zoom lens 50. In addition, image sensors 70 are a linear 
sensor, TDI image sensors, or a TV camera. Moreover, in order to perform automatic-focusing doubling, 
it is necessary to lead focal detection light to the focal detection optical system 45, and this optical 
division means 25 is a dichroic mirror. 

[0022] Focal detection light forms an optical image with the height information on a sample 1 on a 
sensor 41 with the image formation lens 40, and the signal of this sensor output is inputted into the focal 
detection digital disposal circuit 90, detects the amount of gaps of the height of a sample 1 , and the focal 
location of an objective lens 20 by this focal detection digital disposal circuit 90, and sends the data of 
the amount of focal gaps to CPU75. According to this amount of focal gaps, the command which makes 
the stage control section 80 drive Z stage 4 from CPU75 is performed, and delivery and an automatic- 
focusing function commit a predetermined pulse from the stage control section 80 to Z stage 4. 
[0023] Moreover, the image data of the optical image of the sample 1 detected by the optoelectric 
transducer 70 of detection optical system is transmitted to enternal memory and control units, such as a 
workstation and a data server, through means of communications while being inputted into the image- 
processing circuit 71, performing storage and processing, and it judging a defective part in the defective 
judging circuit 72 and displaying the result on display means, such as a display. 
[0024] There are the approach of performing by comparing with JP,2-170279,A or JP,3-33605,A the 
image data to which a contiguity chip corresponds, for example as the approach of concrete processing 
of a series of image processings from an optoelectric transducer 70 to the defective judging circuit 72 
in_which a defective part is judged from the detected image data, as indicated, the approach of 
comparing the image data to which a contiguity chip corresponds, an approach of comparing the image 
data of an adjoining pattern, the approach of comparing a design data with image data, etc. 
[0025] Migration in the XY direction of a sample 1 is performed by the stage control section 80 by 
controlling a motion of the X stage 6 and the Y stage 5 two-dimensional. Moreover, the theta stage 3 is 
used when performing theta alignment of the pattern formed in the movement direction and sample 1 of 
X-Y stages 6 and 5. 

[0026] By this invention, although the optical system of an epi-illumination method is the gestalt of 
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operation, generally the resolution R of this optical system is called for by R=lambda/(2NA). However, 
according to the optical system using the linearly polarized light, it was shown clearly by drawin g 2 that 
the resolution more than R for which it asked previously is obtained. 

[0027] Other operation gestalten of this invention are explained to drawing 4 . In addition, effectiveness 
equivalent to what was shown by drawing 1 and drawin g 2 also in this operation gestalt is acquired. 
[0028] The light discharged from the light source 8 penetrates an aperture diaphragm 1 1 through a lens 
9, penetrates the wavelength selection filter 12 and a field diaphragm 13, and they carry out incidence to 
a polarization beam splitter 15. P polarization which penetrates a polarization beam splitter 15 is made 
into the illumination light, and the light which penetrated lambda/2 plate 16 and lambda/4 plate 17 
which give phase contrast to P polarization illuminates a sample 1 through an objective lens 20. Here, 
the oscillating direction of polarization is set as a predetermined include angle to a pattern by rotating 
lambda/2 plate 16 (although it is 90 degrees in the example shown in drawin g 1 , it is not necessary to be 
necessarily 90 degrees). Moreover, lambda/4 plate is because the detection light which is the phase 
contrast plate which makes the linearly polarized light elliptically polarized light, and illuminated the 
sample 1 through the objective lens 20 penetrates lambda/2 plate 16 and lambda/4 plate 17 again, 
reflects a polarization beam splitter 20 and is led to a detection optical path. 

[0029] Although the phase contrast by reflection of a sample 1 is not taken into consideration in this 
example, when there is no lambda/4 plate 17, in order that the light which carried out specular reflection 
(zero-order light) may penetrate a sample 1 by the polarization beam splitter, being led to a detection 
optical path becomes only the high order diffracted light. However, in order to receive some phase 
contrast by reflecting a sample 1 in practice, the leakage light of zero-order light is detected. 
[0030] For this reason, when using as substitution of the polarizing plate 14 which shows a polarization 
beam splitter 15 to drawin g 1 R> 1, and a polarizing plate 22, in order to lead a zero-order light 
equivalent to the amplitude of the high order diffracted light to a detection optical path, it is necessary to 
set the ovality of the polarization which illuminates a sample 1 using lambda/4 plate 17 as a proper 
value. In addition, when the oscillating direction of the optical axis of the crystal of lambda/4 plate 17 
and the linearly polarized light of the illumination light makes 45 degrees, the illumination light which 
penetrated lambda/4 plate 17 turns into the circular polarization of light. 

[0031] In this case, the zero-order light which reflected the sample 1, and went and came back to 
lambda/4 plate 17 turns into S polarization, reflects a polarization beam splitter 15, and is led to a 
detection optical path. Therefore, the quantity of light led to a detection optical path becomes large. This 
is because the quantity of light of the zero-order light which is a low-frequency component becomes 
large, the contrast of an optical image serves as the conventional microscope and equivalent extent, and 
the resolution of an optical image does not improve. For this reason, the optimal include angle changes 
with the patterns with which the angle which the direction of an optical axis of the crystal of lambda/4 
plate 17 and the oscillating direction of the linearly polarized light make was formed in the sample 1. 
Therefore, it is good to make it a pivotable configuration so that phase contrast (ovality of the 
polarization which illuminates a sample 1) with lambda/4 plate 17 can be changed. 
[0032] Thereby, a part of light which reflected the sample 1 and was diffracted penetrates again 
lambda/2 plate 17 and lambda/4 plate 17, it reflects a polarization beam splitter 15, and forms the optical 
image of a sample 1 on image sensors 70. Here, the ovality and the sense of a major axis of the 
polarization which illuminates a sample 1 for lambda/2 plate 16 and lambda/4 plate 17 by [ pivotable ] 
carrying out configuration **** with an electric motor are controllable. 

[0033] Moreover, the automatic setting of a polarization condition which realizes high contrast-ization 
of an optical image becomes easy by putting the ovality and the sense of a major axis of polarization in a 
database as a pulse number of a motor. Furthermore, when using the illumination light with wide 
wavelength width of face, the direction with little [ plate / 17 / a polarization beam splitter 15, lambda/2 
plate 16, and / lambda/4 ] change of the property by wavelength is desirable. When phase contrast is 
added to wavelength using lambda/2 plate 16 and lambda/4 plate 17 and this has the large unevenness of 
the phase contrast by wavelength, it is because a specific wavelength region is led to a detection system 
and the color according to this wavelength is emphasized. Therefore, even if it carries out broadband 
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wavelength lighting, when the transparent membrane is formed in the sample 1, it is because the 
brightness unevenness by thin film interference is emphasized. 

[0034] The defective detection approach of having used the illumination light of wavelength extent of 
200-250nm or less for drawing 5 is shown. In addition, it will become the further high resolution-ization 
if ultraviolet radiation and DUV (Deep Ultra Violet) light are used, since resolution improves by short 
wavelength-ization. 

[0035] In the optical system of drawing 5 (a), the illumination-light study system 1 12 is passed and 
incidence of the light which emitted light in the ultraviolet-rays light source 8 is carried out to a beam 
splitter 15. P polarization which penetrated this receives phase contrast with lambda/2 plate 16 and 
lambda/4 plate 17, and carries out epi-illumination of the sample 1 through an objective lens 20. In 
addition, the light which carries out epi-illumination is a focal detection light which detects the 
ultraviolet rays which carry out light field detection, and the height of a sample 1. This focal detection 
light has effective light, such as the light which is not absorbed by the flattening film. This is because 
height detection cannot be carried out, when light is absorbed by the flattening film etc. This wavelength 
region for focal detection is determined with the spectral reflectance (R) of a dichroic mirror 25. As this 
example, light 650nm or more is made into the wavelength region for focal detection at drawing 5 (b). 
[0036] Moreover, the optical path which detects the light field image by ultraviolet rays is an optical 
path which reflected the second dichroic mirror 26, and detects an image to sensor 70a page by image 
formation lens 30a. This ultraviolet-rays wavelength region is determined with the spectral reflectance 
of the second dichroic mirror, and is shown in drawin g 5 (c). 

[0037] Moreover, if ultraviolet rays are irradiated at a sample 1, fluorescence will arise according to the 
quality of the material. By detecting the image by this fluorescence, an undetectable defect is detectable 
by the usual light field image. As this optical system, a middle image is made from an image formation 
lens for the light which penetrated two dichroic mirrors, and this image can be put in practical use by the 
configuration which carries out expansion projection on image sensors 70 with a zoom lens 50. In 
addition, although aberration amendment is carried out by ultraviolet rays with the objective lens for 
ultraviolet rays, focal detection light needs to choose light with comparatively little ultraviolet rays and 
aberration. 

[0038] How to set an optical parameter as drawing 6 on "inspection recipe screen" 915 in the defective 
test equipment of the pattern in production processes, such as a semi-conductor, is explained. 
[0039] First, ID of the wafer inspected on these "inspection recipe screen" 915 is registered, and the 
form of this wafer is inputted. This becomes [ what kind of defect is at which process of each wafer 
where, and ] clear. Furthermore, the field to inspect is specified with the coordinate of a wafer. 
Furthermore, although defective inspection acquires the image of the pattern formed in the wafer and 
detects it using this acquired image, there are a method which compares the image of contiguity chips 
and detects the inequality section as a defect as a method of inspection, and a method which compares a 
design data with an image. This method is chosen by the "inspection method" on "inspection recipe 
screen" 915. 

[0040] Next, by the term of the "image-processing parameter" on the inspection recipe screen 915, the 
threshold of the difference image which determines the alignment and defective detection sensitivity of 
an image etc. is inputted. 

[0041] Furthermore, various defective detection sensitivity can be set up now by choosing an "optical 
parameter" on the inspection recipe screen 915 by displaying "optical parameter setup screen" 916 on a 
screen, and changing an optical parameter. This "optical parameter setup screen" At 916, it is 1. 
polarization property. 2. wavelength 3. lighting sigma At least one of 4. spatial filters etc. can be set up 
now. 

[0042] In the polarization property of L, polarization of an illumination-light study system and detection 
optical system is decided by the number, and when the number of the polarization property of defective 
detection sensitivity which becomes high is known, a number is inputted. However, in inspection of the 
beginning of a wafer, since the polarization property that defective detection sensitivity becomes high is 
undecided, a polarization property advantageous to improvement in defective detection sensitivity is 
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chosen from the configuration of a pattern. The configuration of this pattern and the relation of a 
polarization property are called for from relation like drawin g 1 (a). 

[0043] Moreover, the wavelength of 2. chooses a lighting wavelength region where the contrast of a 
defect becomes high, and the reflection factor of the pattern made into a subject of examination chooses 
a high wavelength region. Or the wavelength region where the difference of brightness with the 
background (field without a pattern) of a pattern and a pattern becomes large is chosen. Furthermore, 
with the wafer carried out in CMP (Chemical Mechanical Polishing) processing, if there is thickness 
unevenness, unevenness will arise in the brightness of the image detected by thin film interference of an 
insulator layer. Since this thickness unevenness is not a defect, the difference in brightness becomes a 
defective inspection top noise. In order to reduce the difference in this brightness, it is effective to 
expand lighting wavelength width of face. However, since it changes with the design thickness and the 
errors of an insulator layer, as for how far wavelength width of face is expanded, it is effective to ask for 
lighting wavelength width of face from the thickness of an insulator layer. Then, the thickness of an 
insulator layer is inputted as conditions which determine a lighting wavelength region. 
[0044] Next, as for the lighting sigma of 3., when the diameter of opening of the aperture diaphragm 1 1 
of an illumination system is chosen and the hole-like pattern is formed, defective detection sensitivity of 
direction made comparatively smaller than the lighting sigma of a Rhine-like pattern improves. 
[0045] Moreover, the spatial filter of 4. is a light filter which a Fourier transform side (the exit pupil 
location of an objective lens, or this exit pupil and a location [****] (pupil location of a zoom lens 50)) 
is made to reduce the amplitude transmittance of zero-order light, or gives phase contrast to it, and high 
resolution-ization of an image is attained by arranging according to a configuration, a consistency, etc. 
of a pattern. 

[0046] By setting up the above optical parameters, it becomes possible to detect an image advantageous 
to defective detection. However, whether the set-up conditions are good changes with the configuration 
of a pattern, structures of a wafer, etc. 

[0047] As shown in drawin g 7 , the pattern is regularly arranged by the wafer 1 per exposure field (shot) 
of an aligner, this « a pattern - a part - it is - one ~ ' an enlarged drawing - drawin g 7 - (- b -) - 
****-- a subject of examination - ** — assuming - a pattern - one - a - one ~ a - ' - a front - a 
process — forming — having had — a pattern — one — c — etc. — it is . The cross-section structure when 
cutting a wafer 1 in Rhine 125 of drawin g 7 (b) is shown in drawing 7 (c). Inspection object-pattern la 
and la* is formed on the film of insulator layer lb, and pattern lc which is not made into a subject of 
examination presupposes that it is formed into the film of insulator layer lb. In this case, since the main 
direction of the inspection object patterns la and lb is length, it can aim at improvement in defective 
detection sensitivity by setting up an optical parameter so that the pattern of this direction may become 
high contrast, however, the optimum value of an optical parameter - a configuration, structure, etc. of a 
pattern — things, and in order to determine, a lot of time amount is required. 
[0048] Then, the flow of an efficient optical parameter setup is shown in drawing 8 . 
[0049] First, loading of the wafer is carried out and an inspection object domain is moved to the visual 
field of optical system, next, optical parameter 1 polarization property 2 lighting sigma 3 lighting 
wavelength 4 spatial filters ******** — the parameter range for acquiring an image preparatorily is 
inputted. Next, an image is acquired on condition that the set-up range, respectively, and while 
displaying that a diffraction figure and a pattern image can be looked through, total of the secondary 
differential value which shows the contrast of a pattern and the sharpness of a pattern etc. is displayed. 
[0050] Thereby, the information about the resolution of an optical parameter and an optical image can 
be looked through, and the proper value of an optical parameter can be determined easily. However, 
whether it is an advantageous image on defective detection determines a final optical parameter. For this 
reason, it is necessary to conduct a preliminary test, narrowing down the range of an optical parameter 
and changing an optical parameter finally from previous contrast or the sum of a secondary differential 
value, and to determine an optical parameter. It is as a result of [ in the normal section / of a difference 
image ] the amount of inequalities (an average, max, deflection), or as a result of [ compare-check ] (S/N 
which is the ratio of the number of detection defects, the signal level of a defect, and the amount N of 
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the maximum inequalities of the normal section and the amount S of inequalities of a defective part), 
and the contents displayed as this preliminary test result determine an optical parameter from the these- 
displayed result. 

[0051] With the above optical parameter setup means, the high optical parameter of defective detection 
sensitivity can be set up efficiently. 

[0052] The list display 920 at the time of making a polarization condition into a parameter is shown as 
an example of the list display of a diffraction figure and a pattern image to drawing 9 . First, what is 
necessary is just to define the oscillating direction of polarization to an X-Y stage, the direction of the 
cage hula of a wafer, etc. For example, the oscillating direction of the illumination light: It is the include 
angle which the main direction of an inspection object pattern and the oscillating direction of the chief 
ray on a body make in the 45 degrees of the oscillating directions of 90 degrees and detection light. 
[0053] Thus, by displaying on a list, it is possible to predict the rate of the amplitude of the high order 
diffracted light and zero-order light from the data of a diffraction figure. Moreover, when there is an 
inspection object pattern in the various directions, it is more possible than a pattern image to be 
examined to detect the direction of a pattern, contrast, etc. Moreover, it becomes easy to recognize the 
level of brightness etc. by displaying the optical intensity distribution of an image by a line graph etc. 
Furthermore, that theta:90 degrees and near 68 degree are high resolutions can read the oscillating 
direction of polarization of the illumination light easily from the sum of contrast or a secondary 
differential value. Therefore, the optical conditions which enable high sensitivity inspection can be set 
up in a short time by conducting the preliminary test performed to a degree on this condition. 
[0054] In addition, with the configuration of the optical system shown in drawing 4 and drawin g 5 , the 
ovality and the sense of a major axis of the polarization which illuminates a sample 1 serve as a 
parameter of a polarization condition. Therefore, it becomes possible by making the sense of an ovality 
and its major axis into a parameter to display the same chart as drawing 9 , and it becomes possible to 
specify easily the near polarization condition that high sensitivity inspection is realizable. 
[0055] A means to detect detection of the light field image which used polarization for drawin g 10 (a), 
detection of a dark field image, and the neutral image of a light-and-darkness visual field image is 
shown. The illumination light 180 is random polarization. Only the light of P polarization component 
penetrates the illumination light 180 which carried out incidence to the polarization beam splitter 15. 
This P polarization changes rotation of the oscillating direction of polarization, and an ovality by 
penetrating lambda/2 plate 16 and lambda/4 plate 17. 

[0056] By reflecting the illumination light which penetrated lambda/2 plate 16 and lambda/4 plate 17, 
and penetrated the objective lens 20 further by the sample 1, according to the pattern of a sample, phase 
contrast is given with a jump of a phase, and a polarization condition changes. Moreover, as for the light 
diffracted with the edge of a pattern etc., polarization also changes according to the direction of the 
diffracted light. These reflected lights are again caught by the objective lens 20, they pass lambda/4 plate 
17 and lambda/2 plate 16, and they carry out incidence to PBS, and S polarization component reflects 
and they carry out image formation of the light field image on a sensor 70. 
[0057] Here, in the case of usual light field detection which does not use lambda/2 plate 16 and 
lambda/4 plate 17, supposing the detected image is a shade image as shown in drawing 1010 (b), 
brightness distribution of the A-A section at this time serves as a dark image like drawing 10 (c) in the 
dense pattern section on the left-hand side of an image. In this case, although it is possible to enlarge the 
shade difference of the dense pattern section if the quantity of light is enlarged, the brightness of the flat 
part on the right-hand side of an image will become still larger, a sensor 70 will be saturated with CCD 
sensor 70 grade, and a blooming will arise. For this reason, it is very difficult to be unable to enlarge the 
quantity of light but to detect a dense pattern with sufficient contrast. 

[0058] However, like this invention, if the amount of phase contrast is adjusted using lambda/2 plate 16 
and lambda/4 plate 17, the light of the flat part reflected by the polarization beam splitter can be 
reduced, and the rate that the diffracted light of the dense pattern section is reflected can be enlarged. 
Thereby, the brightness of a dense pattern and a flat part can be detected now on the same level. 
Therefore, it cannot be based on the consistency of a pattern etc., but the high image of contrast can 
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always be detected, and the pattern defect of the dense pattern section etc. can be detected easily. 
[0059] With the configuration of the optical system shown in drawing 3 , drawin g 4 , drawin g 5 , and 
drawing 10 , the illumination light of the linearly polarized light penetrates the quarter-wave length plate 
17, and turns into elliptically polarized light. This elliptically polarized light is illuminated in a sample 1 
through an objective lens 20. The light reflected and diffracted by the sample 1 is caught by the 
objective lens 20, penetrates the quarter-wave length plate 17 again, and receives phase contrast. By 
rotating this quarter-wave length plate 17, it is possible to change the ovality of the elliptically polarized 
light which illuminates a sample 1 . 

[0060] To drawing 1 1 , it is an ovality. - When it is made to change between 1.0-, the relation of the 
contrast of the optical image of a sample 1 and the detection quantity of light ratio which are detected 
with image sensors 70 is shown. In addition, the sign of an ovality distinguishes polarization of right- 
handed rotation and left-handed rotation. Moreover, contrast was searched for from the image of Rhine 
currently formed in the front face of a sample 1, and a tooth space. Furthermore, if the absolute value of 
an ovality becomes small when the illuminance of the illumination light is fixed, the quantity of light 
which reaches image sensors 70 will fall, for this reason, ovality- 1. — the detection quantity of light ratio 
when changing an ovality on the basis of the quantity of light detected with image sensors 70 at the time 
of the circular polarization of light of 0 and 1.0 is expressed. 

[0061] The ovality serves as max near -0.18, and contrast of a place [ the place where a detection 
quantity of light ratio serves as max ], i.e., the point that an ovality is set to 1 or -1, does not correspond 
so that this drawing 1 1 may show. Therefore, in order to conduct defective inspection of Rhine and a 
tooth space, it is advantageous, if it sets up so that it may become the ovality of the -0. 1 8 neighborhood. 
[0062] The pattern which made various configurations the wafer used as a subject of examination is 
formed. In this case, in determining the ovality and the direction of a major axis of the polarization 
which makes inspection sensibility improve, it is efficient if a preliminary test is conducted. For 
example, as shown in drawing 12 , "lighting conditioning mode" is formed in the "inspection recipe 
creation mode" of a wafer to be examined. In this "lighting conditioning mode" 1) the wavelength width 
of face of the illumination light "Wavelength filter" selection carbon button to choose "Aperture 
diaphragm" selection section carbon button which changes 2 lighting angle-of-incidence range "Focal 
offset" value setup key which determines whether a focus is doubled as which layer when the laminating 
of the three thin film is carried out In order to change 4 "whenever [ pattern emphasis ]" The carbon 
button which sets up the polarization condition (the ovality and its direction of polarization) of the 
illumination light is prepared. 

[0063] These carbon buttons are set as the conditions registered beforehand by specifying a number 
(inside of drawing, No). In addition, according to the configuration and sense of various inspection 
object patterns, the polarization conditions which raise the contrast of a detection image are put in a 
database by the polarization condition. Therefore, the preliminary test of the wafer to be examined is 
carried out on condition that all the conditions of this polarization condition put in a database, or a part, 
and how to set the polarization condition that the inspection result with the highest detection sensitivity 
was obtained as the polarization conditions at the time of this inspection from the result of this 
preliminary test can be considered. In addition, when conducting a preliminary test, by choosing the 
"preliminary test carbon button" currently displayed on the screen, it set up provisionally and describes 
above. Inspection is performed under the conditions of 1-4. 

[0064] In optical system given in drawing 4 , drawin g 5 , and drawing 10 , the pulse numbers of the 
motor which carries out electric rotation of lambda/2 plate 16 and the lambda/4 plate 17 etc. can be 
considered to be polarization conditions. Furthermore, the following decision criteria are mentioned as a 
decision criterion which determines the polarization conditions used for this inspection from the result 
which carried out the preliminary test on some kinds of polarization conditions. 
[0065] 1) the polarization conditions 2 which have detected most defects - when the polarization 
conditions which have detected most this defect when the coordinate of the defect which has detected 
most fatal defects to carry out polarization condition 3 detection is known, therefore the preliminary test 
of multiple times are conducted, decision will become easy if the decision criterion as shown in the 
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above 1-3 is indicated by list. Moreover, an equipment user's condition **** becomes easy by 
determining automatically the polarization conditions from which which value of 1-3 serves as max. 
[0066] As mentioned above, in determining polarization conditions, it is desirable to review a defective 
part with an optical microscope or an electron microscope in fact, and to determine the polarization 
conditions that inspection sensibility is high. 
[0067] 

[Effect of the Invention] As explained above, according to this invention, the optical system which 
detects the image of high resolution and can detect a defect with minute abbreviation one half extent of 
detection pixel size was realizable by controlling the angle which the oscillating direction of the electric 
field vector in the plane of polarization of the illumination light and the direction of a pattern make 
according to the pattern formed in the sample. Furthermore, the oscillating direction, lighting 
wavelength, etc. of an electric field vector in plane of polarization can be set up now efficient, and the 
high sensitivity defective test equipment using high resolution optical system and this was able to be 
realized. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawin g 1] It is drawing explaining the condition of polarization of the zero-order light by linearly 
polarized light lighting, and the high order diffracted light. 

[Drawin g 2] It is drawing showing an example of high-resolution-izing using the linearly polarized light. 

[Drawing 3] It is the schematic elevation showing an example of the outline configuration of the test 
equipment using the high resolution optical system of this invention. 

[Drawin g 4] It is the schematic elevation showing other examples of the outline configuration of the test 
equipment using the high resolution optical system of this invention. 

[Drawing 5] They are drawing (b) showing the spectral reflectance when using the schematic elevation 
(a) showing an example of the outline configuration of the test equipment using the short wavelength 
lighting high resolution optical system by this invention, and this optical system, and (c). 
[Drawing 6] It is the front view of the display screen in which an example of the optical parameter setup 
means by this invention is shown. 

[Drawing 7] It is the top view showing an example of the inspection object pattern of this invention. 
[Drawin g 8] It is the flow Fig. showing an example of the optical parameter setup procedure by this 
invention. 

[Drawing 9] It is drawing showing an example of the list of an exit pupil image, an optical image, and 
resolution evaluation values. 

[Drawing 10] It is drawing showing an example of the high contrast image detection by the polarization 
lighting by this invention. 

[Drawing 11] It is drawing showing an example of the relation between the ovality of polarization, and a 
pattern detection quantity of light ratio. 

[Drawing 12] It is drawing showing an example of the polarization conditioning technique by this 
invention. 

[Description of Notations] 

1 [ — theta stage, 4 / - Z stage, ] - A sample, lb - An insulator layer, 2 - A chuck, 3 5 [ — A polarizer, 
22 / - Analyzer, ] - Y stage, 6 - X stage, 8 -- The light source, 14 30 — An image formation lens, 70 — 
Image sensors, the oscillating direction of the electric field vector in the plane of polarization of the 
300,300'- illumination light, 310,310' — The oscillating direction of the electric field vector in the plane 
of polarization of zero-order light (specular reflection light), 320 ~ The oscillating direction of the 
electric field vector in the plane of polarization of the high order diffracted light, 15 — Polarization beam 
splitter, 16 [ — An optical parameter setup screen, 920 / - Optical conditions, an optical image list 
screen, 921 / — Optical conditions and preliminary test result list screen. ] — lambda/2 plate, 17 — 
lambda/4 plate, 915 — An inspection recipe screen, 916 
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[Drawing 2] 
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[Drawing 11] 
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CLAIMS 



[Claim(s)] 

[Claim 1] Are the approach of observing the sample by which the pattern was formed in the front face, 
and the light which polarized is irradiated through an objective lens at said sample. A location gap of the 
direction of an optical axis of the focus on said front face of a sample of said light which polarized is 
computed by detecting the light reflected on the front face of said sample by this exposure through said 
objective lens. According to the amount of location gaps of the computed this focus, the height of said 
sample to said objective lens is adjusted. The observation approach on the front face of a sample 
characterized by detecting the reflected light by the exposure of said light from the front face of said 
sample which adjusted this height which polarized through said objective lens, phase contrast plate, and 
analyzer, and obtaining the image of the front face of said sample. 

[Claim 2] Said phase contrast plate is the observation approach on the front face of a sample according 
to claim 1 characterized by attenuating the amplitude of the zero-order diffracted light from the pattern 
formed in said front face among the light reflected from said sample front face by said exposure at a big 
rate to the amplitude of the high order diffracted light. 

[Claim 3] It is the approach of observing the sample by which the pattern was formed in the front face 
through optical system. Where optical system is set as the conditions of the 1st polarization, polarization 
light is irradiated at said sample. Detect the light reflected on the front face of said sample by this 
exposure through a phase contrast plate and an analyzer, and the 1st image is obtained. Based on the 1st 
image which displayed this 1st image on monitor display, and was displayed on this monitor display, 
said optical system is set as the condition of the 2nd polarization. The observation approach on the front 
face of a sample characterized by irradiating polarization light at said sample where said optical system 
is set as the condition of said 2nd polarization, detecting the light reflected on the front face of said 
sample by this exposure through a phase contrast plate and an analyzer, and obtaining the 2nd image. 
[Claim 4] The observation approach on the front face of a sample according to claim 3 that said 1st 
polarization condition and said 2nd polarization condition are characterized by being conditions, such as 
a polarization property, wavelength of polarization light, numerical aperture of the aperture diaphragm 
of an illumination system, and a configuration of a spatial filter, respectively. 

[Claim 5] The observation approach on the front face of a sample according to claim 3 characterized by 
adjusting said phase contrast plate so that the amplitude of the zero-order diffracted light from the 
pattern formed in said front face among the light reflected from said sample front face by said exposure 
may be attenuated at a big rate to the amplitude of the high order diffracted light , when setting it as said 
2nd polarization condition . 

[Claim 6] The observation approach on the front face of a sample according to claim 3 characterized for 
the image on said detected front face of a sample by the thing of a polarization property, the wavelength 
of polarization light, the numerical aperture of the aperture diaphragm of an illumination system, and the 
configurations of a spatial filter displayed on monitor display with any one information at least. 
[Claim 7] A lighting means to be equipment which observes the sample by which the pattern was 
formed in the front face, and to illuminate the light which polarized in said sample through an objective 
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lens, A detection means to detect the light reflected on the front face of said sample with the lighting of 
this lighting means through said objective lens, A focal location detection means to compute a location 
gap of the direction of an optical axis of the focus on said front face of a sample of said light which was 
detected with this detection means and which polarized, A height adjustment means to adjust the height 
of said sample to said objective lens according to the amount of location gaps of the focus computed 
with this focal location detection means, Observation equipment on the front face of a sample 
characterized by having a polarization photodetection means to detect the reflected light from the front 
face of said sample through said objective lens, phase contrast Itabe, and analyzer section when said 
light which polarized is illuminated with said lighting means in said sample which adjusted height with 
this height adjustment means. 

[Claim 8] Said phase contrast Itabe is observation equipment on the front face of a sample according to 
claim 7 characterized by attenuating the amplitude of the zero-order diffracted light from the pattern 
formed in said front face among the light reflected from said sample front face by said exposure at a big 
rate to the amplitude of the high order diffracted light by having 1/2 wavelength plate and a quarter- 
wave length plate, and adjusting this 1/2 wavelength plate and a quarter- wave length plate. 
[Claim 9] Observation equipment on the front face of a sample according to claim 7 characterized by 
constituting said analyzer section from a polarization beam splitter. 

[Claim 10] Are the approach of inspecting the defect of a sample in which the pattern was formed in the 
front face, and the light which polarized is irradiated through an objective lens at said sample. The 
defective inspection approach characterized by detecting the reflected light from the front face of said 
sample by this exposure through said objective lens, phase contrast plate, and analyzer, and detecting the 
defect of said sample as compared with the image which obtained the image on said front face of a 
sample, and memorized this **** image beforehand. 

[Claim 11] Said phase contrast plate is the defective inspection approach according to claim 10 
characterized by attenuating the amplitude of the zero-order diffracted light from the pattern formed in 
said front face among the light reflected from said sample front face by said exposure at a big rate to the 
amplitude of the high order diffracted light. 

[Claim 12] Are the approach of inspecting the defect of a sample in which the pattern was formed in the 
front face, and where optical system is set as the conditions of the 1st polarization, polarization light is 
irradiated at said sample. Detect the light reflected on the front face of said sample by this exposure, and 
the 1st image is obtained. Based on the 1st image which displayed this 1st image on monitor display, 
and was displayed on this monitor display, said optical system is set as the condition of the 2nd 
polarization. Where said optical system is set as the condition of said 2nd polarization, polarization light 
is irradiated at said sample. The defective inspection approach characterized by detecting the light 
reflected on the front face of said sample by this exposure, and detecting the defect of said sample as 
compared with the image which obtained the 2nd image and memorized the image of this ****** 2 
beforehand. 

[Claim 13] Said 1st polarization condition and said 2nd polarization condition are the defective 
inspection approach according to claim 12 characterized by including at least one condition in a 
polarization property, the wavelength of polarization light, the numerical aperture of the aperture 
diaphragm of an illumination system, and the configuration of a spatial filter, respectively. 
[Claim 14] The defective inspection approach according to claim 12 characterized by setting up so that 
the amplitude of the zero-order diffracted light from the pattern formed in said front face among the 
light which reflected said 2nd polarization condition from said sample front face by said exposure may 
be attenuated at a big rate to the amplitude of the high order diffracted light. 

[Claim 15] Are the approach of inspecting the defect of a sample in which the pattern was formed in the 
front face, and the light which polarized is irradiated through an objective lens at said sample. The 
defective inspection approach characterized by changing the condition of the polarization by the light 
which reflected on the front face of said sample by this exposure, and passed said objective lens, 
detecting, and detecting the defect of said sample as compared with the image which obtained the image 
on said front face of a sample, and memorized this **** image beforehand. 



http://www4.ipdl.ncipi.go.jp/^ 11/12/2005 



JP,2000- 155099, A [CLAIMS] 



Page 3 of 3 



[Claim 16] The defective inspection approach according to claim 15 characterized by performing light 
which passed said objective lens for changing the condition of polarization of the light which passed 
said objective lens by making 1/2 wavelength plate and a quarter-wave length plate penetrate. 
[Claim 17] A lighting means to be equipment which inspects the defect of a sample in which the pattern 
was formed in the front face, and to irradiate the light which polarized in said sample through an 
objective lens, A polarization image detection means to detect through the polarization section to which 
the condition of the polarization of said objective lens and said reflected light by the reflected light 
reflected on the front face of said sample by irradiating said light which polarized with this lighting 
means at said sample is changed, and to obtain the image of said sample, Defective test equipment 
characterized by having a defective detection means to detect the defect of said sample as compared 
with the image which memorized beforehand the image obtained with this polarization image detection 
means, and a display means to display the result detected with this defective detection means. 
[Claim 18] Defective test equipment according to claim 17 with which said polarization section is 
characterized by having the phase contrast plate and the analyzer. 

[Claim 19] Said phase contrast plate is defective test equipment according to claim 17 characterized by 
attenuating the amplitude of the zero-order diffracted light from the pattern formed in said front face 
among the light which has 1/2 wavelength plate and a quarter-wave length plate, and was reflected from 
said sample front face at a big rate to the amplitude of the high order diffracted light. 
[Claim 20] Defective test equipment according to claim 17 characterized by having further an optical 
parameter setup means to set up optical parameters, such as the polarization property of said lighting 
means and said polarization image detection means, wavelength, Lighting sigma, and a spatial filter. 

[Translation done.] 
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